Papers in this Special Feature were presented at a symposium on the social biology of rodents that was held in June 2001 at the 81st Annual Meeting of the American Society of Mammalogists. Our decision to host a symposium on this topic resulted from our realization that although rodents have played a vital role in research on social behavior, no recent summaries of the social biology of these animals were available. Given the number of biological disciplines, research strategies, and species that are relevant to this topic, a comprehensive review of rodent social biology was not possible. Instead, in structuring the symposium, we chose to focus on a subset of behavioral issues for which studies of rodents currently are providing exciting new insights. Topics selected for inclusion-communication, kin recognition, philopatry, and sociality-are timely and are of considerable interest to biologists studying a wide array of animal taxa. Thus, papers presented in the symposium reflect recent advances not only in our knowledge of rodent social biology but also in our conceptual understanding of animal social behavior.
Rodents comprise about 43% of mammalian species (Wilson and Reeder 1993) , surpassing all other mammalian orders in abundance of individuals as well as in number of genera and species. Rodents are nearly cosmopolitan in distribution and occur in a diverse array of habitats (Carleton 1984; Nowak 1999 ). The range of ecological settings that they are able to exploit has contributed to an equally impressive array of social systems, some of which are among the most complex known for any mammalian species (Hoogland 1995; Sherman et al. 1991) . Underlying this diversity is a wide variety of patterns of dispersal, space use, communication, reproductive competition, parental care, and other aspects of social behavior. As a result, rodents provide an ideal collection of species for exploring social biology (i.e., attributes that influence social * Correspondent: ealacey@socrates.berkeley.edu interactions among conspecifics), and it is no surprise that this order of mammals contains many of the model systems used in studies of animal social behavior.
The study of rodent social behavior has a long and illustrious tradition and, for at least the last 40 years, studies of rodents have substantially influenced our understanding of social behavior. Early studies of rodent behavior reflect a variety of disciplines and research traditions, including ethology, psychology, and population biology. For example, Calhoun (1962) and Crowcroft (1973) described the social behavior of Norway rats (Rattus norvegicus) and house mice (Mus musculus) in seminatural settings as part of efforts to determine how rodent populations were regulated. Interest in population regulation led to numerous additional studies, many of which used arvicoline rodents as model systems (Chitty 1996; Krebs et al. 1973) . At roughly the same time, Eisenberg (1963 Eisenberg ( , 1967 was compiling descriptions of social interactions among members of multiple rodent families to explore evolutionary trends in these activities. Detailed field studies of specific social systems also were underway (e.g., black-tailed prairie dogs, Cynomys ludovicianus -King 1955; yellow-bellied marmots, Marmota flaviventris-Armitage 1962) , with emphasis on the role of environmental variables in shaping interactions among conspecifics.
In the lab, numerous investigators were elucidating the role of chemosignals in rodent reproduction. These studies revealed that chemical cues, likely found in urine, affected reproductive development in sameand opposite-sex conspecifics (Bruce 1959; Vandenbergh 1969; Whitten 1956 Whitten , 1959 . Other investigators explored behavioral interactions between conspecifics, in particular aggressive encounters (Allin and Banks 1968; Banks 1962; Davis 1958; Scott 1966) . These observational studies were complemented by analyses of effects of early experience on aggressive behavior (Bronson and Desjardins 1968; King 1957; Southwick 1968 ) and physiological consequences of aggressive interactions (Christian and Davis 1964; Clarke 1953) .
Following the emergence of behavioral ecology as a research paradigm during the late 1970s and early 1980s, rodents have continued to play a pivotal role in analyses of animal social behavior. Studies of alarm calling in Beldings' ground squirrels (Spermophilus beldingi -Sherman 1977) provided critical tests of the explanatory power of inclusive fitness and paved the way for extensive research regarding patterns and mechanisms of kin recognition. The discovery of eusociality in naked mole-rats (Heterocephalus glaber-Jarvis 1981) added a new dimension to vertebrate social behavior by providing a mammalian analog to the complex societies characteristic of ants, termites, and some bees and wasps. More recently, studies of captive and seminatural populations of house mice (M. musculus musculus and M. m. domesticus) have been instrumental in linking patterns of mate choice to infection status Colwell 1995a, 1995b; Mihalcin 2002) and to allelic differences at major histocompatibility complex loci (Penn and Potts 1999) .
During the past decade, there has been increasing emphasis on interdisciplinary studies that incorporate both ultimate-and proximate-level approaches to social behavior. A few of the many studies of rodents that have contributed to this more integrative view of behavior include detailed analyses of ecological and physiological bases for monogamy in prairie voles (Microtus ochrogaster -Carter et al. 1986; Getz et al. 1981; Wang et al. 1994; Young et al. 1998) , which suggest that it is a complex interplay of environmental variation, reproductive competition, and multiple neuroendocrine pathways that underlies observed patterns of mating behavior and parental care in these animals. Analyses of spatial learning in kangaroo rats (Dipodomys) have revealed that interspecific differences in spatial ability and hippocampus size are consistent with predictions based on differences in foraging strategy and that, within species, gender differences in spatial learning and hippocampus size are correlated with intersexual differences in patterns of reproductive competition (Jacobs 1994) . At the same time, comparative studies of reproductive success in several species of social molerats are revealing general trade-offs between group size, opportunities to breed, and physiological patterns of reproductive suppression (Faulkes and Bennett 2001) .
Given the many ways in which rodents have added to our knowledge of social behavior, it is surprising that so few reviews of rodent social biology have been undertaken. General reviews of mammalogy and mammalian behavior typically include sections on rodents (Eisenberg 1981; Eisenberg and Kleiman 1972; Feldhammer et al. 1999; Vaughan et al. 2000) and, conversely, taxon-specific syntheses often address be-havior (Genoways and Brown 1993; Murie and Michener 1984; Tamarin 1985) , but comprehensive treatments of rodent social biology are virtually absent. In large part, this deficit reflects the difficulty of distilling the vast body of information on this topic into a single, thematically coherent publication; the topical expertise required to compile a thorough review of this subject is daunting, as are the taxonomic diversity and sheer volume of literature to be examined. The many contributions that studies of rodents have made to behavioral biology, however, suggest that such a review would add significantly to general understanding of animal social systems.
It was this realization that led us to organize a symposium on rodent social biology. From the start, it was clear that no single symposium could provide a comprehensive review of this large and exciting body of research. Thus, we were faced with the difficult task of selecting a group of speakers whose work would provide a representative snapshot of the wealth of research currently being conducted on this topic. In particular, we sought to balance proximate and ultimate approaches to behavioral questions and to capture some of the taxonomic diversity evident among current behavioral studies of rodents. Although all of the biologists invited to participate in the symposium use rodents as model systems to understand social behavior, these investigators represent a variety of research disciplines and conceptual approaches to behavioral problems. Although the species studied by these individuals comprise only a small fraction of total rodent diversity, animals highlighted in the symposium range from ''classic'' species for laboratory research (e.g., golden hamsters, Mesocricetus auratus) and field studies (e.g., Beldings' ground squirrels) to species that are only now becoming model systems for studies of rodent social biology (e.g., naked molerats).
In the 1st paper in this Special Feature, Johnston (2003) explores patterns of olfactory communication in rodents. For most species for which olfactory communication has been examined, little is known about the particular chemical compounds that elicit an observed behavioral response. Johnston (2003) begins with a discussion of the nature of chemical signals, with emphasis on the diversity and complexity of these substances as components of intraspecific communication. In particular, because each signal may contain multiple sources of information (i.e., multiple messages), identifying the function(s) of different chemical compounds can be extremely challenging. Johnston (2003) then explores several aspects of olfactory communication among rodents in greater detail, drawing upon his own extensive research on this topic to argue that insights gained from studies of olfactory communication in rodents have broad implications for our understanding of this phenomenon in other animal taxa.
The 2nd paper builds upon Johnston's (2003) work to explore patterns of chemically mediated kin recognition in ground squirrels. Although many aspects of modern behavioral research assume that individuals can discriminate kin from nonkin, mechanisms by which they do so remain poorly documented. Mateo (2003) focuses on 2 mechanisms of kin recognition-familiarity and phenotype matching-and reviews evidence of their occurrence among rodents. Mateo (2003) then presents data from her own research indicating that Beldings' ground squirrels are capable of discriminating among several different classes of related individuals on the basis of odors produced by oral and dorsal glands. Mateo (2003) casts her findings into a larger, comparative framework by asking whether patterns and mechanisms of kin recognition differ across species of ground squirrels as a function of differences in their social systems. Few previous studies have considered kin recognition in this type of comparative context, and thus Mateo's (2003) work provides a critical link between mechanisms of kin recognition and social settings in which such recognition occurs.
The 3rd paper in this Special Feature marks a shift from consideration of proximate-level mechanisms underlying behavioral interactions to exploration of ultimatelevel causes for patterns of social behavior. Specifically, Solomon (2003) examines natal philopatry in rodents. Because philopatry is a fundamental component of many social systems, numerous studies have attempted to identify reasons why young individuals fail to disperse from their natal area. As Solomon (2003) outlines, these explanations typically fall into 1 of 3 categories: emphasis on ecological constraints on dispersal, emphasis on adaptive benefits to group living, and emphasis on life history traits that may predispose individuals to remain in the natal group. To determine the level of empirical support for each of these hypotheses, Solomon (2003) reviews the literature on natal philopatry in rodents, focusing on studies of social voles (e.g., prairie voles; pine voles, M. pinetorum). On the basis of this review and her own ongoing studies of natal dispersal in voles, Solomon (2003) argues that these hypotheses are not strict alternatives but instead may all contribute to the cost-benefit ratio that determines whether an individual disperses from its natal area.
The 4th paper builds on the preceding discussion of natal philopatry to explore ecological correlates of group living in rodents. As Lacey and Wieczorek (2003) indicate, this topic has received considerable attention over the past 2 decades, due primarily to the discovery of extremely complex social groups in some species of bathyergid mole-rats. While behavioral ecologists typically have sought general ecological explanations for patterns of social behavior, the applicability of these hypotheses across multiple taxonomic groups often remains untested. Using studies of subterranean rodents as a focal point, Lacey and Wieczorek (2003) consider whether ecological hypotheses developed to explain group living in bathyergid mole-rats are relevant to other subterranean lineages. Their comparisons of group-living bathyergids and ctenomyids suggest that interactions between ecology and social behavior may be more complex and varied than previously realized.
The Special Feature concludes with a paper by Tang-Martinez (2003) , who outlines several promising directions for future research on rodent social biology. In terms of taxonomic coverage, Tang-Martinez (2003) identifies neotropical rodents as deserving greater attention, particularly as the foundations for comparisons with better-studied temperate rodent species. In terms of conceptual approaches, Tang-Martinez (2003) argues that the proximate factors underlying rodent sociality require greater study, as exemplified by the impact that studies of neuroendocrine bases for affiliative interactions have had on our understanding of rodent societies. Tang-Martinez (2003) then discusses the need for greater attention to intraspecific geographic variation in behavior, citing evidence from studies of prairie voles that such variation may be valuable for testing assumptions regarding the ecological bases for and species-specific nature of selected behavioral traits. Tang-Martinez (2003) concludes by considering effects of early social experience on subsequent interactions with conspecifics, a phenomenon which may contribute substantially to individual-level variation in social behavior.
In summary, this Special Feature provides an overview of the range of species, questions, and research strategies that currently are being used as part of studies of rodent social biology. Perhaps most striking, however, is how much remains to be learned about this aspect of mammalogy. The number of rodent species for which we lack even basic, descriptive information regarding social behavior is startling; the number for which detailed data are available regarding topics such as olfactory communication, kin recognition, or natal dispersal is minute compared to the taxo-nomic diversity represented by this order of mammals. In short, the research opportunities are tremendous, and we hope that these papers will stimulate additional studies of the social biology of these fascinating animals. 
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